In this issue, Ishii and colleagues identify an anatomically and genetically defined circuit by which a single compound, exocrine gland-secreted peptide-1 (ESP1), enhances reproductive behavior in female mice.
Displays observed throughout the animal kingdom, from the overconfident plumage of the peacock's tail to the melody of the nightingale's song, serve to identify an individual within its species and to facilitate critical social interactions. To accomplish these tasks requires the coordinated efforts of interwoven sensory and motor circuits. However, the apparent ease with which we recognize, for example, the age, sex, and emotional state of another person often obscures the complex neural circuits required for these tasks. Like the birds above, people rely primarily on vision and hearing to guide social behaviors; however, many other animals instead rely on chemosensory cues to achieve similar goals. In mice, chemical compounds excreted in the saliva, tears, and urine powerfully shape social interactions.
In this issue, Ishii and colleagues identify an anatomically and genetically defined circuit by which a single compound, exocrine gland-secreted peptide-1 (ESP1), enhances reproductive behavior in female mice. Previous work shows that ESP1 is part of a highly variable multigene family of proteins that are produced in a sex-specific, strain-specific, and species-specific manner (Kimoto et al., 2007) . Thus, the ESP family is thought to be capable of broadcasting sex, strain, and species information essential for social recognition and social behavior. ESP1, the best-characterized member of the ESP family, is excreted by the lacrimal gland of male mice and detected by a single class (V2Rp5) of sensory neurons in the vomeronasal organ of other mice (Kimoto et al., 2007; Haga et al., 2010; Hattori et al., 2016) . Given ESP1's ability to enhance lordosis in female mice and aggression in male mice, the neural circuits that detect and process ESP1 provide a uniquely precise opportunity to investigate the neural control of social behavior in mammals.
The ESP1-responsive brain regions identified by Ishii and colleagues were previously known for their contributions to reproductive and aggressive behavior (Pfaff et al., 1994) . The presence of ESP1 is detected by vomeronasal sensory neurons and conveyed, by way of the accessory olfactory bulb, to a conserved network of ventral forebrain and midbrain regions that broadly govern social behavior (Haga et al., 2010; Newman, 1999) . The interwoven nature of these social circuits, however, has historically made it challenging to precisely isolate the cells responsible for a specific social behavior. Said differently, each social behavior relies on the activity of neurons distributed throughout many brain regions, and each brain region contributes to a range of social behaviors. For example, the ventromedial hypothalamus, alone, is important in the regulation of female sexual behavior, feeding, energy balance, cardiovascular function, and aggression (McClellan et al., 2006) .
Armed with powerful techniques to identify and virally trace genetically defined neural circuits, the authors map a nearly complete circuit from the V2Rp5-expressing sensory neurons in the vomeronasal organ to the central brain regions that receive input from ESP1-responsive sensory neurons (Figure 1 ). The medial amygdala, posteromedial cortical amygdala, and bed nucleus of stria terminalis all emerge as direct synaptic targets of ESP1-responsive accessory olfactory bulb neurons. However, only the posteroventral medial amygdala was required for ESP1-mediated enhancement of lordosis, while the posterodorsal medial amygdala, posteromedial cortical amygdala, and bed nucleus of stria terminalis were shown not to be essential. Importantly, the ESP1-responsive neurons in the posteroventral medial amygdala were functionally distinct from the circuits controlling defensive behaviors.
Information about ESP1 is routed out of the medial amygdala by a sexually dimorphic circuit. In males, ESP1 enhances aggressive behavior through projections to the medial preoptic area (Hattori et al., 2016) . In females, ESP1 enhances lordosis behavior through projections to the ventromedial hypothalamus and then the dorsal periaqueductal gray (Haga et al., 2010; Ishii et al., 2017) . Thus, the authors identify a sexually dimorphic circuit starting at the sensory epithelium and ending at behavioral centers in the hypothalamus and periaqueductal gray. The fundamental difference in the access of ESP1 to downstream targets in male versus female mice is reminiscent of the sex differences in neural circuitry that mediate courtship in fruit flies in that a single chemical stimulus has differential access to the central circuitry in the male versus female brain (Kohl et al., 2013) . Moreover, these results provide additional support for the medial amygdala as a primary node where sensory information is routed in a sex-dependent manner (Bergan et al., 2014) .
Progress in neuroscience continually offers the possibility to investigate neural circuits with higher reproducibility and finer resolution than has been previously possible. Here, the authors exploit genetic heterogeneity within the hypothalamus and periaqueductal gray to further narrow down the cells essential for ESP1-mediated behavior. One population of neurons in the dorsal ventromedial hypothalamus (steroidogenic factor 1-expressing) as well as one population of neurons in the periaqueductal gray (estrogen receptor alpha-expressing) complete the pathway by which ESP1 enhances lordosis behavior. By controlling the activity of these neural populations, including genetic ablation, conditional silencing, and specific activation, the authors provide strong evidence that these populations are both necessary and sufficient for the enhancement of lordosis by ESP1 stimulation. Moreover, both populations of neurons express high levels of steroid receptors and are therefore well situated to integrate circulating hormonal signals with moment-to-moment sensory-evoked neural activity.
While this paper is not the first to identify the brain regions governing lordosis behavior, it is remarkable in identifying how a single compound is detected and processed and how it ultimately generates behavior through a genetically and anatomically precise neural circuit. The ability to isolate this specific circuit was made possible by the previous identification of ESP1 as a single compound capable of dramatically altering reproductive and aggressive behaviors. ESP1, thus, is as close to a mammalian pheromone as has been identified to date. At the same time, it is worth noting that ESP1 has not yet been shown to elicit behavior on its own. Rather, ESP1 powerfully modulates social behaviors that likely require the integration of additional sensory cues from multiple sensory modalities (Doty, 2010) .
It will be interesting to learn from future experiments whether the circuit identified here is a general circuit for enhancing lordosis behavior or whether this circuit is specific only for ESP1. Likewise, it will be interesting to understand the role of this circuit in known mouse strains that do not produce ESP1 (Haga et al., 2010) . Does this circuit mediate lordosis and aggressive behaviors in these non-ESP1-producing strains? Does it respond to, as of yet, unidentified strain-specific cues? Regardless of the outcome, the line of research running through this paper will help us understand how a given neural circuit is adapted to produce critical social behaviors and how these circuits mediate species-dependent, sex-dependent, and strain-dependent differences in behavioral response to a given stimulus. Given the fast progress recently made toward identifying specific compounds that drive social behaviors in mice (Nodari et al., 2008) , this manuscript provides a beautiful template to potentially identify the central circuits necessary for many behaviors. 
. Circuit Diagram of ESP1-Enhanced Behavior
Male tears contain ESP1, which triggers aggression in male mice and lordosis in female mice. After ESP1 binds to its cognate vomeronasal sensory receptor (V2Rp5), the signal is sent via the vomeronasal organ (VNO) to the accessory olfactory bulb (AOB) and then to the posteroventral medial amygdala (MeApv), bed nucleus of the stria terminalis (BNST), and posteromedial cortical amygdala (PMCO). Only the MeApv is necessary for ESP1-mediated social behaviors, and an efferent projection from the MeApv routes ESP1 information in a sexually dimorphic manner. ESP1-responsive neurons in the MeApv project to the medial preoptic area (MPA) in male mice and the dorsal ventromedial hypothalamus (VMHd) in female mice. Neurons expressing steroidogenic factor-1 (SF1 + ) in the VMHd project to neurons expressing estrogen receptor alpha (ESRa + ) in the dorsal periaqueductal gray (PAGd) of female mice to complete the circuit by which ESP1 enhances lordosis behaviors. Both SF1 + and ESRa + neurons are specific, necessary, and sufficient for the ESP1-mediated enhancement of lordosis. Arrows indicate connections between ESP1-responsive brain regions (green, connections required for ESP1-mediated lordosis in female mice; blue, connections required for ESP1-mediated aggression in male mice).
